The present study includes the Azadirachta indica (neem) induced Silver nanoparticles (AgNPs) by green synthesis as reducing and capping agent. Synthesized AgNPs were characterized by different instrumental techniques such as XRD (X-ray Diffraction), SEM (Scanning Electron Microscopy), TEM (Transmission Electron Microscopy), Zetasizer, UV-Visible and FT-IR (Fourier Transformation Infra-Red) spectroscopy. The result of XRD reveals that nanoparticles were crystalline in nature and pure, stability was determined by Zeta potential and SEM, TEM analysis indicates that AgNPs was monodisperse in a spherical shape with average size 9 nm. These synthesized AgNPs were applied as the catalyst in the degradation process of Methyl Orange (MO) and wastewater samples in presence of peroxodisulphate (PDS). Effect of different experimental conditions such as initial pH, concentration of PDS, Dye, and AgNPs was studied on the degradation process. The obtained kinetic result shows that AgNPs/PDS system induces 1.1 Â 10 À4 to 15.9 Â 10 À4 s -1 folds in presence of the small concentration of AgNPs (1 Â 10 À8 mol dm À3 ). The degradation of MO and real wastewater samples in AgNPs/PDS system is followed pseudo-first order kinetics and maximum degradation of MO reached 
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Introduction
Water pollution due to the discharge of coloured effluents from textile dye manufacturing and textile dyeing mills are one of the major environmental concerns, in the world today. Strong colour imparted by the dyes to the receiving aquatic ecosystem poses aesthetic and serious ecological problems. Therefore numbers of techniques aimed at preferential removal dyes from wastewater have been developed such as adsorption [1, 2, 3, 4] , ion exchange [5] , membrane filtration [6] . However, these techniques have merely transferred the dye from one form of waste to another, thus generally secondary pollutants requiring further treatment [7] . In the past few decades, the advanced oxidation process has attracted extensive attention as innovative wastewater treatment technologies for the degradation of organic pollutants in less harmful products [8, 9, 10] . Some reactive oxidising species such as OH, O 2 À /HO 2 À can be generated in AOP and are usually very efficient for dye bleaching and even mineralization. Recently sulphate radical (SO 4 À ) based AOP has attracted great scientific and technological interest in environmental application [11, 12, 13] . Sulphate radicals (SRs), with the reduction potential of þ2.6 V vs NHE, can be produced by the activation of sulphate based oxidants (PMS, PDS) with heat, ultraviolet, microwave and ultrasound irradiation and/or transition metal ions. A series of experiments evidence has provided that silver nanoparticles (AgNPs) are the best catalyst for the activation of PDS to produce SRs for degradation of persistent organic pollutants in water [14, 15, 16] .
Nanosized metal nanomaterials are drawing the devotion of present science field nanometer scale leads to particular intrinsic properties for the materials that render them very likely for application in catalysis [17, 18, 19, 20] . Inorganic nanoparticles exhibit unique physical and chemical characteristics, creation to the development of novel applications in catalysis [21, 22, 23, 24, 25] . Silver nanoparticles are widely used and known applications in medical and pharmaceutical products and are hence directly encountered by the human system. Recently, nanotechnology has been developed in dynamic disciplines of research in material science in which plants and plant products are finding in the application of synthesis of nanoparticles [26, 27, 28, 29] . Even though the medicinal importance of numerous plants was known, the plant-mediated silver nano-product is a relatively newer concept.
Although studies on the kinetics of oxidative degradation of dye with PDS have been widely carried out [30, 31] , very few attempts have been made so far on the oxidative degradation of MO in presence of metal nanoparticles [32, 33, 34, 35] . However, in our best of knowledge from Azadirachta indica (neem), synthesized AgNPs has not yet been investigated in degradation of MO. Here we evaluated catalytic activity of green synthesized AgNPs in the oxidative degradation of MO by PDS in an aqueous medium. The present research work also includes the catalytic activity of AgNPs in dye-containing wastewater, collected from drains of local industries situated in Kota city, Rajasthan (India). The present work is based on excellent economy of the process in terms of cheaper chemicals, rapid and convenient green method. Moreover, the AgNPs/PDS system was also evaluated for biodegradability index of different samples. 
Materials and method

Chemicals and materials
Synthesis of silver nanoparticles
For a synthesis, 10% neem leaf broth added in 20 ml of AgNO 3 (1 Â 10 À3 mol dm ions into Ag • as described in our previous study [36] . Synthesized nanoparticles are stable for one month under ambient condition.
Kinetic measurements
The The course of the reaction was followed by at least 80% of the reaction.
Results and discussion
Metal nanoparticles characterization results
Formation of AgNPs was confirmed by the color change of the solution into yellowish brown as Fig. 1A and B. The maximum absorption spectra of yellowish brown colloids are observed at 433 nm, confirms the formation of AgNPs [38] . The reduction of silver ions occurs immediately after the addition of neem leaf broth into silver nitrate solution and intensity of absorption peak increases with increasing the reaction time and reaches the maximum at time 30 min. After 24 h there are no changes in spectra of AgNPs as Fig. 1B .
The synthesized AgNPs are spherical in shape with average size 9 nm was confirmed by TEM analysis (Fig. 2A) . TEM results also show the biosynthesized silver nanoparticles are surrounded by a thin layer of some capping material, thus were stable four weeks [38] . The ring-like diffraction pattern recorded by selected area electron diffraction (SAED) indicates that the particles are crystalline (Fig. 2B) . Similar results are reported by the Jae Yong Song [39] for Diopyras kaki leaf broth synthesized AgNPs.
The XRD of AgNPs after drying NPs at 70 C in vacuum for 12 h ( [40] . Debye-Scherrer formula gives the average size (9 nm) of AgNPs.
Size distribution of nanoparticles is also confirmed by Dynamic light scattering (DLS) (Fig. 4) , results give information about the size of AgNPs between 5 to 48 nm range with average particle size 9 nm of AgNPs.
FTIR measurements give the information about the potential functional groups of the biomolecules present in leaf broth of Azadirachta indica (neem). FTIR spectra of synthesized nanoparticles and pure neem leaf broth are given in Fig. 5A and B
respectively. The observed peak at 1609 cm À1 , 1381cm À1 , 1077 cm À1 in Fig. 5A are characteristics of flavanones and terpenoids that are abundant in neem plant broth [38] . The peak observed at 1609 cm À1 indicating C¼C groups, 1381 cm À1 occurring to the germinal methyls and 1077 cm À1 are shows ether linkages, suggest the presence of flavanones or terpenoids adsorbed on the surface of AgNPs. These reducing sugars could be responsible for the reduction of silver ions into AgNPs. Terpenoids are assumed to be the surface active molecules stabilizing the nanoparticles and reduction of the metal ions is possibly facilitated by reducing sugars or terpenoids present in neem leaf broth [41] .
The stability of AgNPs is also confirmed by the value of zeta potential. The obtained value is -22.4 mV (Fig. 6 ) suggested that the AgNPs was negatively charged in dispersed medium, so particles repel each other which prevent from aggregation.
The effect of leaf broth concentration on synthesis rate and particle size of nanoparticles was investigated. Fig. 7 shows that the time course of AgNPs formation with different neem leaf broth percentage (5%e15%) at fixed concentration of AgNO 3 Fig. 3 . XRD of biosynthesized Silver Nanoparticles. (1 Â 10 À3 mol dm À3 ) on 30 C temperature. At low percentage (5%) of leaf broth was used, a weak absorption peak obtained at 433 nm, due to the insufficient reduction of silver ions. As percentage of leaf broth increases up to 10%, the intensity of absorption peak at 433 nm also increases after that increases in percentage of neem leaf broth the absorption peak becomes lower, due to the agglomeration of AgNPs. At different leaf broth percentage the SEM images of synthesized AgNPs (Fig. 8) indicates that particle size decreases upto 10% leaf broth percentage after that size increases with increase in percentage of leaf broth, suggesting that too many reducing agents cause aggregation of the synthesized AgNPs [42] . 
Product analysis
Determination of degradation products
The formed intermediates of MO during advanced oxidation process were inferred by analysing the samples with LCÀMS analysis at the different time interval. Fig. 9 show that the major peaks present at the different time interval of degradation with corresponding m/z values 304, 276, 292, 156, 80, 62. After 15 min of degradation, the new peak of successive demethylated product (m/z 276) of MO was found (Fig. 9B) . Furthermore, after 30 min the degradation of MO proceed, a new peak observed at m/z 292, which can attribute monohydroxylation of the aromatic ring at the ortho position of eNH 2 group (Fig. 9C) 
UV-visible spectra of intermediates and degradation pathway
The UV-visible spectra of MO (Fig. 10A ) and MO degradation with m/z values 304, (Fig. 10B) . The absorption be attributed to the homolytic cleavage of the nitrogen-carbon bond, resulting in the substitution of the methyl group by the hydrogen atom. Afterward, hydroxyl radical inserted in benzene ring at the ortho position of eNH 2 group (m/z 292) could lead to significant wavelength redshift (430 nm). Finally, polyaromatic ring present in MO convert into monosubstituted aromatic ring and end products, it is confirmed by the presence of two new peaks at 225 nm and 323 nm in UV-visible spectra (Fig. 10B ) [44] . According to these results the following degradation pathway of MO was proposed (Fig. 11) .
276, 292 evaluate on the basis of [M-H]ˉions of the MO
Peroxodisulfate dependence
The AgNPs catalysed oxidative degradation of MO was studied at different concentration of PDS from 1 Â 10
and pH ¼ 6.5 (Fig. 12) . The rate of dye degradation increased with increase the 
Dye dependence
The Reaction was carried out at a constant concentration of other reactants and by varying the initial concentration of MO from 1 Â 10 À5 to 1 Â 10 À4 mol dm À3 at 30 C temperature. The results indicate the degradation rate increased up to increase in 5 Â 10 À5 mol dm À3 concentration of dye after that rate decreased with an increase in dye concentration (Table 1) . It may be at a constant concentration of PDS, the availability of SO 4 À radicals are not sufficient to degrade dye molecules at higher concentration [24] .
Effect of pH
The initial pH of the solution is a key factor which affects the degradation of dye because pH influences the surface charge properties of the catalyst [46] . The degradation of dye from textile dye effluents was studied at different initial pH of solution values in the range 5e8.
When the pH is higher than 8, the AgNPs becomes negatively charged according to Eq. (1). 
And at the pH is lower than 5, than AgNPs is positively charged according to Eq. (2).
The degradation rate of MO as a function of the initial pH of the solution as shown in Fig. 13 and the results illustrate that the degradation of MO was carried out effectively at 6.5 pH. The similar results were also reported by Zhong et al., 2012 [30] . The pH value of reaction was adjusted by H 2 SO 4 and NaOH solution. 1). The catalytic activity of AgNPs also tested on real wastewater samples, were collected from drains of three different local textile industries of Kota region. Catalytic oxidative degradation was performed with a similar method as mentioned above at a different concentration of AgNPs (Fig. 15) 
Based on the results it may be concluded that the oxidative degradation of dye in presence of AgNPs by K 2 S 2 O 8 is radical ion based mechanism and the main radical ion species generated during the catalytic activation of K 2 S 2 O 8 was sulphate radical ions (SO 4 À ). The role of the catalyst as a mediator for the electron transfer to PDS was also reported [32, 48, 49] . 
Biodegradability
The concentration of wastewater samples was characterized by BOD and COD. The COD analysis simply indicates the total waste load in a textile waste effluent and the ratio of BOD and COD gives information about biodegradability of wastewater samples [50] . Table 2 shows BOD and COD analysis of MO dye, wastewater samples; before and after AOP treatment. The results indicate that after applying AOP treatment on MO dye, real wastewater samples; COD decreases from 56-62 % and BOD increases 14e120 %, so the value of biodegradability index increases (above 0.3). Jamil et al. 2011 [51] also reported that the value of biodegradability index less than 0.3 shows poor biodegradability in wastewater.
Conclusion
The present study reports highly stable, monodispersed, spherical AgNPs synthesized by the Azadirachta indica (neem) leaf broth as an efficient, ecofriendly and cost effective reducing and capping agent. The green synthesised AgNPs were applied as a catalyst for oxidative degradation of MO and wastewater samples in aqueous solution. The silver nanoparticles exhibited good efficiency for activation of PDS to provide sulphate radicals for degrading MO dye and real wastewater samples. Increasing catalyst and PDS concentration increase the rate of MO degradation.
The results suggested that silver nanoparticles have a strong potential for fast dye degradation technologies. After AOP treatment of wastewater samples, biodegradability index is an increase, so that organic matter can be decomposed easily.
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